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Abstract 
In this study, we treated the mechanical behavior of lightweight concrete with Tunisian clay aggregates, shaped and 
expanded in the laboratory. A method of manufacturing aggregate was followed. The choice of materials was packed 
and a physical, chemical, mineralogical and thermal (DTA / TGA) characterization of clay and aggregates was 
performed. For current cement content, we determined the compressive strength at 3, 28 and 90 days for a fixed 
water-cement ratio E/C. The Young's modulus was determined with empirical formulae. Thus, by SEM observations, 
we studied the aggregates and the interfacial transition zone (ITZ) between the cement paste and the aggregates at 
different ages. The obtained constitutes concrete is hence a structure concrete according to the AFNOR norms and the 
ACI Guide. 
 
Keywords: Tunisian clay aggregates; lightweight concrete; mechanical behavior 
1. Introduction  
Clay is a raw material used since antiquity. It represents all mineral particles having a size less than 
2μm. This fraction consists on clay minerals, called specific and other species form such as silica, 
silicates not phyllitic, oxides and carbonates. These species are in form a microcrystal isolated in their 
deposits or agglomerates by amorphous hydroxides [1]. Because of its properties, the clay rock is used as 
raw material not only by geologists, agronomists but also by engineers and ceramists. Civil constructions 
grow and aggregate demand increase. Several authors have valued raw materials such as perlite, 
expanded shale, fly ash, slag from blast furnace to obtain the lightweight concrete with or without 
additions [2],[3].The existence of important Tunisian clay deposit with different types and characteristics 
given rise the idea to product the expanded clay aggregates in the laboratory [4],[5]. 
According to materials and to batching, there are different types of building work. Because of their 
characteristics and the expansion temperature, the expanded clay aggregates can produce a lightweight 
structure concrete. Many researchers (Jm Chi, Jamel Alduaij, Y. Ke and al) have clarified the influence of 
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aggregate characteristics on the overall quality of concrete [6], [7], [8]. Various studies have shown the 
aggregates density effect on the strength and Young modulus of concrete [8], [9], [10]. Others have 
studied the impact of different water-cement ratio on the elastic modulus. They proved that the modulus 
of lightweight concrete decreases with increasing the ratio [10]. The transition zone of cement paste-
aggregate for the lightweight concrete is different from that of ordinary concrete. However, depending on 
the characteristics of the aggregates shell, the transition zone of expanded aggregates can be similar to the 
ordinary aggregates. The surface analysis by SEM observation provides information on the network of 
external and internal pores of the aggregates and concrete [11], [12]. 
The main objective, in this work, will be the presentation of the properties of lightweight aggregates 
produced in the laboratory using Tunisian clay as raw material. For this, the method and the 
manufacturing condition are explained and the mechanical behavior of lightweight concrete is studied. 
2. Experimental Study  
The manufacturing processes of lightweight aggregate depend on the raw materials. The extraction and 
the preparation are conditioned by the rock and clay nature. The manufacturing method of lightweight 
aggregates is based on four major steps: the raw materials preparation, the sieving and the processing of 
aggregates, the burnt to 1150°C and finally the cooling [8], [9].A set of clay conditions must be respected 
to obtain good aggregates characteristic which are conform with the AFNOR standards and ACI guide. 
Among these conditions, the clay must have a size distribution affecting the expansion. It must belong to 
a zone size with adequate chemical and mineralogical composition [9], [13]. The clay coming from the El 
Hamma zone is located in the south east of Tunisia. It consists on Jebel Aidoudi deposit is located forty 
kilometers from the Gabès site. The green clay deposit with the gypsum flushes of surface of about 
hundred meters thick [14].The material extraction was done manually. And the clay fraction below 100 
microns was analyzed by determining their physical properties according to French AFNOR standards. 
The mineralogical analysis of the raw clay and aggregates was done by the technique of X-ray diffraction. 
The chemical analysis was determined by X-ray fluorescence. The X-ray spectrum emitted by the clay is 
a characteristic of the sample composition. By analyze of this spectrum we can provide the mass elements 
concentrations. After shaping and aggregates preparation, a study of mechanical behavior of lightweight 
concrete has been done for water-cement ratio equal to 0.5. To highlight the Tunisian clay aggregates 
interest, a study in the laboratory was presented by SEM observation. 
2.1. The raw clay physical identification 
     The table below shows the physical characteristics of raw clay determined according to AFNOR 
standards: the natural water content (Wn), the liquid (Wl) and the plasticity (Wp) limits, the plasticity (Ip) 
and the consistency (Ic) index and the absolute density (ρabs). This green clay was highly plastic with a 
plasticity index equal to 50.48%. 
 
Table 1: The raw clay characteristics  
Wn(%) Wl(%)             
 
Wp(%) Ip(%) Ic(%) ρabs(kg/m3) Green Clay 
4.2 92.3 41.83 50.48 1.74 2833  
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2.2. Physical and mechanical aggregates properties
     The expanded spherical clay aggregates at 1150°C of temperature, fashioned in the laboratory, have 
been identified and characterized. The physical properties of these aggregates are determined according to 
AFNOR standards. It is classified according to the following granular fractions: 4/16, 12.5/16, 10/12.5 
and 4/10. Table 2 summarizes the different characteristics: the densities (M/V), the absorption 
coefficients (w(%)), the water porosity (P), the inter granular and total porosity [10], the pellets crushing 
strength [15],[16] and finally the expansion aggregates percentage calculated by the variation of the mean 
diameter before and after expansion. The porosity is estimated in accordance to ASTM 127. 
Table 2: The physical aggregates properties 
12.5/16 10/12.5 4/10 4/16 
Bulk density (kg/m3) 800 870 850 840 
Density (kg/m3) 1480 1550 1530 1516 
Density(1H of immersion 
in water) (kg/m3) 
1490 1550 1530 1518 
Density of grain (kg/m3) 1640 1450 1360 * 
W 1h (%) 2.65 2.80 2.53 2.62 
W 48h (%) 3.73 3.76 3.63 3.68 
Water Porosity (48h) 5.51 5.83 5.55 5.58 
Inter granular P 45.95 43.87 44.44 44.59 
Total porosity 43.08 40.38 41.15 41.69 
Expansion (%) 21 13.5 11 15 
Table 3: The pellets crushing strength
Pellets Diameter (mm) 8 10 12.5 16 
Pellet crushing strength 
(kN/m2) 
8.34 2.4 3.99 3.48 
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According to the ACI guide and AFNOR norm (NF P 18-309) [5], the aggregates have a dry density less 
than 880 kg/m3. The water absorption volumetric coefficient of aggregates at 48 hours is less than 8%. 
With these characteristics, we can consider that our shaped laboratory aggregates suitable for the 
production of lightweight structure concrete. 
2.3. Chemical and mineralogical study 
     After expansion of aggregates, a chemical (Table 4) and mineralogical study was made. We observed 
transformations in amorphous crystalline minerals (kaolinite, illite). Thus, the percentage of silica and 
other minerals decreases with temperature. By X-ray diffraction performed with radiation Kα1 copper, 
among the clay minerals exist in the raw green clay, there are smectite, illite, kaolinite and quartz. 
Table 4: Chemical composition of green clay and expanded aggregates (% by mass)
 
CaO SiO2 Al2O3 Fe203 SO3 K2O MgO Na2O MnO P2O5 TiO2 ZnO
 
CaCO3 
Green Clay 3.39 50.44 20.25 14.4 0.39 1.06 2.5 1.48 0.06 0.17 1.64 0.2 - 
Aggregates  8.3 49.81 20.78 13.82 0.05 1.21 2.34 1.7 0.06 0.16 1.69 0.17
 
6.2 
 
2.4. Thermal study 
    Differential Thermal Analysis (DTA) and Themo-Gravimetric (TGA) are determined by a differential 
calorimeter Setaram device (SETSYS evolution) with argon shielding gas and helium, an inert gas such 
as finely ground sample was introduced into a furnace or the temperature room was increased from 
temperature from 0° C to 1000 ° C with a rate of 10 ° C / min.  
The curves of thermal analysis DTA/TGA are shown in the following figure. Through testing DTA/TGA, 
we studied the thermal behavior of the studied clay. The DTA curve shows three endothermic peaks. The 
total mass loss is equal to 10%. 
 
 Fig 1 : The thermal study (DTA/GTA) 
2.5.  Formulation  
     The methods of lightweight concrete formulating (LWC) are similar to those used for normal concrete 
(NWC) with considering the density and specific absorption coefficient. The concrete constituents are: 
the mixing water, the Portland cement, the river sand, the crushed gravel and the pre-wetted lightweight 
aggregate for one hour of immersion in water. We noted that the water absorbed should not be taken into 
account in the water-cement ratio. For the lightweight concrete formulation, the cement used is the 
Portland cement CEM I 32.5 MPa of density equal to 2950 kg/m3, a surface specific mass equal to 3012 
m2/kg and a chemical composition detailed in table 5. The river sand fineness modulus is equal to 2.36 
with 2660 kg/m3 of density. The crushed gravel and the expanded clay granular, 4/16, have a density 
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equal to 2640 kg/m 3 and 1516 kg/m3 respectively. The lightweight and normal concrete were made with a 
cement content of 350 kg/m3 with 0.5 of water-cement ratio, a sand-gravel weight ratio equal to 0.6 and a 
sand-lightweight aggregate velum ratio equal to 0.61.  
Table 5:  Chemical composition of the Portland cement CEM I (% by mass) 
 CaO SiO2 Al2O3 Fe203 SO3 K2O MgO Na2O CaCO3 LOI 
CEM I 32.5 N 62.15 16.51 3.59 2.62 3.53 0.5 1.05 0.09 0.96 9.48 
3. Results and discussion 
3.1. Study of mechanical behavior 
     The compressive strength of concrete was determined at age of 3, 28 and 90 days using cylinders of 
110 * 220 mm. For a water-cement ratio equal to 0.5 and for cement content equal to 350 Kg/m3, the 
concrete with expanded clay aggregates shaped in the laboratory has a density below 2000 kg/m3 which 
confirms its lightness with ACI 318-63 and AFNOR norm (NF P 18 - 309). It was compared with the 
conventional medium density concrete after 24 hours of casting equal to 2365 kg/m3. The mechanical 
strength is varied with age of curing. It increased from 15 MPa at 3 days to 25 MPa at the age of 28 days 
for the conventional hydraulic concrete with crushed aggregate and 10 MPa (3 days) to 17 MPa (28 days) 
for concrete with lightweight aggregates (Fig 2). We can consider that the lightweight aggregates concrete 
of Tunisian expanded clay is a lightweight structure concrete. Young's modulus was estimated by the 
empirical formulae given by the ACI (Ec1 ) and the relationship of the Eurocode EN 1922-1-1 (Ec2 )[16]. 
These formulae link the Young's modulus Ec by the concrete density and the compressive strength (Table 
6). 
 
 
 
 
 
 
 
 
 
Fig 2: The mechanical behavior
Table 6: The estimated Young’s modulus 
 Ec1 (GPa) Ec2 (GPa) 
NWC 25.38 34.15 
LWC 15.61 20.85 
 
Young's modulus determined given by the ACI is less than the modulus estimated by the relationship of 
the Eurocode [10]. 
 
3.3. The SEM observation 
The mineralogical study of the interaction zone of cement paste-aggregate showed the presence of a large 
mass of Ca (45.85%), O (27.45%) and K (11.19%). The SEM analysis of the external surface of the 
interaction zone cement paste-aggregate and the aggregate of the lightweight concrete at the age of 90 
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days showed a compact surface with pores varied in small sizes (2-30 microns) to (100 -300 microns) 
compared to the normal concrete (Fig 3). The SEM observations have shown the presence of Portlandite 
crystals in the transition zone (TZ). 
 
 
 
 
 
 
 
 
Fig 3: The SEM observations (x 63 (left), x 262 (right)) 
4. Conclusion 
 
     Expanded clay aggregates were fashioned in the laboratory. Physical and mechanical characterization 
was made on aggregates. To study the mechanical behavior of lightweight concrete, it was determined the 
compressive strength and were compared with the hydraulic concrete. According to the guide ACI and 
the French standard, it was concluded that the lightweight concrete is a lightweight concrete shaped 
structure with a mechanical strength at 28 days exceeds 17 MPa. 
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